Importance: Although febrile neutropenia (FN) is a major source of morbidity and mortality for patients with solid tumors, little is known about the use of guidelinebased care.
F EBRILE NEUTROPENIA (FN) from myelosuppressive chemotherapy results in substantial morbidity, typically requires hospitalization, results in high medical costs, and is associated with significant mortality. [1] [2] [3] [4] [5] A review of data from 115 centers in the United States noted that the inpatient mortality rate for FN was 9.5%. The same study noted that the median cost per episode of FN was more than $19 000, and the mean hospital stay was 11.5 days. 2 In addition to the direct consequences of FN, FN often results in reductions in the chemotherapy dose intensity that may affect oncologic outcomes. 2 A better understanding of the etiology, natural history, and prevention of FN has led to reductions in morbidity for patients with FN during the past 2 decades. [5] [6] [7] Much of the improved outcome for FN has been the result of the recognition of the importance of early administration of empiric broad-spectrum antibiotics. [5] [6] [7] A large body of literature has emerged evaluating new antibiotics, alternate treatment regimens, and strategies for the use of granulocyte colony-stimulating factors (GCSF) to pro-mote neutrophil production. These data have not only increased the number of treatment options available to clinicians but also dramatically increased the complexity and costs of therapy. [6] [7] [8] [9] To guide management, many professional societies have developed practice guidelines for the treatment of FN. [6] [7] [8] [9] In addition to recommendations for empiric antibiotic therapy, these guidelines address more controversial and costly treatments, such as the use of therapeutic GCSF, antifungal and antiviral agents, and empiric vancomycin. [6] [7] [8] [9] While therapeutic GCSF for patients with FN may minimally reduce the length of hospitalization, randomized clinical trials have reportedthatitsusedoesnotaffectmortality,andtheseagents are not recommended. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] Likewise, there seems to be little benefit to the use of empiric vancomycin treatment outside of specific clinical scenarios. 6, 7, 18 Despite the fact that consensus guidelines for FN have been in place for longer than a decade, little is known about adherence to these recommendations by clinicians. Small institutional series and surveys have suggested that there are wide variations in practice patterns among oncologists. [19] [20] [21] This is problematic because underuse of beneficial treatments and overuse of ineffective treatments may not only result in adverse outcomes but also have a substantial effect on cost and resource use. The objectives of our study were to examine compliance with guideline-based recommendations for FN treatment, explore the factors that influence adherence to consensus guidelines, and analyze how the use of guideline-based care affects outcomes.
METHODS

DATA SOURCE
Data from the Perspective database (Premier) was used. Perspective is a voluntary, fee-supported database that captures data from more than 600 acute care hospitals throughout the United States. In addition to patient demographics, disease characteristics, and procedures, the database collects information about all billed services rendered during a patient's hospital stay. Data in Perspective undergo a rigorous quality control process, and this data set has been used in several outcomes studies. [22] [23] [24] [25] In 2006, almost 5.5 million hospital discharges (representing approximately 15% of all hospitalizations) were captured in Perspective. 22 
PATIENT SELECTION
We analyzed patients with neutropenia treated from January 1, 2000, through March 31, 2010. Only patients with an admitting or primary diagnosis of neutropenia (International Classification of Diseases, Ninth Revision [ICD-9] code 288.0) in combination with an ICD-9 code for a solid tumor were included in this study. Prior studies have captured hospital admissions for neutropenia using a variety of methods, often classifying patients with a primary diagnosis of fever or infection as having FN. [1] [2] [3] 26 To capture initial decision making and treatment, we focused our analysis on only hospitalized patients with a primary or admitting diagnosis of neutropenia. Primary tumor sites were classified into the following groups: colorectal, other gastrointestinal, head and neck, lung, breast, skin, soft tissue, genitourinary, gynecologic, lymphoma, or brain.
While numerous risk stratification systems for FN have attempted to use clinical scenarios associated with high-risk neutropenia, no consensus exists and there is no objective system to stratify risk using population-based administrative data. 6, 7 We performed a series of sensitivity analyses to develop a risk stratification schema using administrative data. We first developed univariate regression models to examine the risk of inhospital death associated with each of the clinical, demographic, and disease characteristics of our cohort ( Table 1) . On the basis of data from these analyses, we then developed a series of models sequentially incorporating combinations of the variables associated with death. A final model incorporating the characteristics that remained associated with death was developed. In the model, sepsis, pneumonia, hypotension, intensive care unit admission, and mechanical ventilatory assistance remained independently associated with death. We classified patients as high risk if they had any of the aforementioned 5 clinical characteristics.
CLINICAL AND DEMOGRAPHIC CHARACTERISTICS
Clinical data analyzed included age (Ͻ60 and Ն60 years), date of admission (2000-2003, 2004-2006, or 2007-2010) , race (white, black, or other [including Hispanic, Asian and patients with undefined race]), marital status, and insurance status (Medicare, Medicaid, commercial, self-pay, and unknown). Each patient's admitting physician was noted and his or her specialty classified as follows: medical oncology (including hematology), internal medicine (other than medical oncology), family practice, hospitalist, other, or unknown. Hospitals in which patients were treated were characterized based on location (metropolitan or nonmetropolitan), region of the country (northeast, midwest, west, or south), size (Ͻ400, 400-600, and Ͼ600 beds), and teaching status (teaching or nonteaching).
Risk adjustment for comorbid conditions was performed using the Charlson Comorbidity Index. 27 
MAIN OUTCOME MEASURES
The following 3 primary end points were analyzed: use of guideline-based antibiotics, use of vancomycin, and use of GCSF. These outcomes were based on a review of published treatment guidelines for FN. [6] [7] [8] [9] [10] [11] [12] 31 We chose a permissive definition of guideline-based antibiotics that included all antibiotics that have been recommended by consensus groups in guidelines during the last decade. 6, 10, 32 Administration of 1 dose of any of the following antibiotics within 48 hours of hospital admission was considered guideline-based antibiotic therapy: cefepime hydrochloride, ceftazidime, imipenem hydrochloride, meropenem, piperacillin sodium/tazobactam sodium, and an aminoglycoside (any) in combination with any of the aforementioned agents or ciprofloxacin hydrochloride or ticarcillin/clavulanate potassium. 6, 10 Use of vancomycin was defined as at least 1 dose of vancomycin during the first 48 hours of hospitalization. 6, 10 Use of GCSF was defined as at least 1 dose of either filgrastim or pegfilgrastim during the hospitalization. 6, 8, 9, 11, 12, 31 For patients who received filgrastim, we calculated the total number of days in which the drug was given. We examined how the use of guideline-based therapy influenced nonroutine discharge (discharge to a nursing home, skilled nursing facility, or acute or subacute rehabilitation center), in-hospital mortality, and cost. Among patients who received GCSF, we examined the number of days in which filgrastim was administered. Cost estimates for the total number of doses administered to low-and high-risk patients were then calculated using published 2010 Medicare reimbursement schedules (filgrastim, 300 g/d, at $233.43 per dose).
STATISTICAL ANALYSIS
Frequency distributions between categorical variables were compared using the 2 test. We used hierarchical logistic regression analysis to determine the factors associated with guidelinebased antibiotics, vancomycin and GCSF use, nonroutine hospital discharge, and death. These models included all patient, physician, and hospital characteristics as well as physician-and hospital-specific random effects. Separate models were developed for low-and high-risk patients. A priori with our sample size of approximately 25 000 patients, we estimated that with an ␣ of .05 and power of 80% that the minimum detectable odds ratio (OR) for the detection of an outcome of interest even for a relatively uncommon characteristic (20%) was 1.11. All analyses were performed using SAS, version 9.2 (SAS Institute, Inc).
RESULTS
A total of 25 231 patients with FN were identified. Guideline-based antibiotics were administered to 19 897 patients (78.9%) ( Table 2 ). The use of guideline-based antibiotics increased minimally over time from 73.4% in 2000 to 80.3% in 2010 (P Ͻ .001) ( Figure 1A ). Guideline-based antibiotics were used in 77.8% of low-risk patients and 82.7% (P Ͻ .001) of high-risk patients.
Patients treated more recently (OR, 1.40; 95% CI, 1.27-1.53), black patients (1.12; 0.98-1.27), those at teaching hospitals (1.32; 1.18-1.48), patients treated at highvolume hospitals (1.56; 1.34-1.81) and by high FN-volume physicians (1.19; 1.03-1.38), those cared for by hospitalists (1.49; 1.18-1.88), and patients treated in the intensive care unit or those with sepsis or pneumonia were more likely to receive guideline-based antibiotics (Table 2) . Likewise, compared with those who have Medicare, Medicaid recipients and patients with commercial insurance were more likely to receive guidelinebased antibiotics. In contrast, older patients (OR, 0.89; 95% CI, 0.81-0.98) and women (0.82; 0.75-0.90) were less likely to receive guideline-based antibiotics.
Up-front vancomycin was administered to 9311 patients (36.9%) and increased with time from 17.2% in 2000 to 54.9% in 2010 (P Ͻ .001) ( Figure 1B ). Vancomycin was used in 33.1% of low-risk patients and in 50.8% of high-risk patients. Patients with more severe disease (ie, sepsis, pneumonia, and those in the intensive care unit) more often received vancomycin ( Despite recommendations against empiric use, GCSF were given to 15 880 patients (62.9%) and only decreased with time from 72.5% in 2000 to 55.0% in 2010 (P Ͻ .001) ( Figure 1C ). Granulocyte colonystimulating factors were used in 62.1% of low-risk patients and in 65.9% of high-risk patients. Among patients who received filgrastim, 15.2% received 1 day of treatment and 22.2% received 2 days, while 13.0% received the agent for longer than 5 days (Figure 2A ). In the cohort that received 1 to 2 days of filgrastim, 33.8% had a hospital stay of shorter than 3 days while 27.4% were hospitalized for longer than 5 days. Among patients who received filgrastim, 14.8% received the drug for less than 25% of the days of their hospitalization, 33.0% for 25% to 50% of their hospitalization, and 30.1% for 51% to 75% of their hospitalization. Those who received GCSF (22.2%) received them for longer than 75% of the days in which they were hospitalized ( Figure 2B ). Patients treated at teaching hospitals (OR, 0.71; 95 CI, 0.63-0.80) and those at large hospitals (0.80; 0.67-0.95) were less likely to receive GCSF ( Table 3 ). Use of GCSF was higher in patients with pneumonia and those admitted to the intensive care unit. Among the 12 184 lowrisk patients who received filgrastim, a total of 40 080 daily doses were administered at a cost of $9 355 874. The 3570 high-risk patients who received filgrastim received a total of 14 351 daily doses at a cost of $3 349 954.
The effect of adherence to guideline-based treatment recommendations on adverse outcomes was examined ( Table 4 ). Among low-risk patients, use of guidelinebased antibiotics reduced the risk of nonroutine hospital discharge by 23% (OR, 0.77; 95% CI, 0.65-0.92) and reduced in-hospital mortality by 37% (0.65; 0.42-0.95). In contrast, use of empiric vancomycin and GCSF did not improve outcomes. In general, among low-risk patients with FN, adverse outcomes were more common in older patients, Medicare beneficiaries, and those with more comorbid diseases. For high-risk patients with FN, no association was noted between use of guideline-based antibiotics and improved outcomes. Likewise, use of vancomycin and GCSF did not positively influence outcomes. COMMENT We noted substantial variability in the allocation of guideline-based care for cancer patients with FN. The use of appropriate empiric antibiotic therapy is high and increasing, with more than 80% of patients admitted with FN receiving guideline-concordant antibiotics in 2010. How-ever, use of vancomycin and GCSF also remains common despite guideline recommendations against routine use.
Prior studies of practice patterns for the treatment and prevention of FN have suggested that recommendations by clinicians are often poorly aligned with guidelinebased care. [19] [20] [21] In a survey of more than 1200 members of the American Society of Clinical Oncology addressing the management of low-risk patients with FN, Freifeld et al 21 noted that most respondents recommended nonguideline-concordant antibiotics and that 48% adjunctively used GCSF for low-risk patients. 21 While guideline-based antibiotics were correctly given to almost threequarters of the patients in our cohort, we identified widespread overuse of empiric vancomycin and GCSF.
The use of therapeutic GCSF for high-risk patients with established FN remains an area of controversy. Randomized clinical trials and meta-analyses have suggested that therapeutic GCSF use is associated with small (1 day), but statistically significant, reductions in length of stay and time to neutrophil recovery but has no effect on mortality. [13] [14] [15] [16] [17] Despite the lack of convincing data, some consensus guidelines suggest that GCSF can be "considered" in higher-risk patientswithprofoundorprolongedFNorFNassociatedwith severe infectious complications (ie, sepsis, pneumonia, or hypotension). 9, 12 However, the most recent rendition of the Infectious Disease Society of America guidelines for FN con-tinuetorecommendagainsttherapeuticGCSFforallpatients with FN given the cost and adverse effects of the drugs. 6 We noted that use of GCSF remains common, but perhaps more concerning was the pattern of use of GCSF in patients who received the drug. More than one-third of patients received only 1 or 2 days of filgrastim, a dose unlikely to lead to any meaningful clinical benefit. 9 We previously noted similar findings in patients receiving erythropoiesis-stimulating agents; misuse was common, with almost one-quarter of patients receiving only 1 week of therapy. 32 While patient characteristics, such as age, race, and insurance status, influenced patterns of care for FN, we noted that physician and hospital factors also impacted treatment choices. Overall, FN case volume had the strongest association with guideline adherence. Patients treated at high FNvolume hospitals were more likely to receive guideline-based antibiotics and vancomycin treatment and less likely to receive GCSF treatment, while patients managed by high FNvolume physicians were more likely to receive appropriate antibiotics and less likely to receive vancomycin treatment. While the association among volume, treatment, and outcome has received the most attention for surgical procedures, there is growing recognition that volume affects care for common medical conditions as well. 33, 34 Physician specialty was also associated with treatment choice; hospitalists were more likely to use guideline-based antibiotics and more likely to treat cancer patients with FN with vancomycin. Prior work has suggested that care by hospitalists is associated with reduced cost for common medical conditions. 35 Among lower-risk patients with FN, prompt administration of guideline-based antibiotics was associated with reduced in-hospital mortality. The demonstration that guideline adherence improves outcomes is not only important for clinical care but also suggests that antibiotic choice can be used as a quality metric for FN. For many diseases, it has been difficult to correlate adherence to a process measure with outcome. The results of a large study examining the well-accepted practice of perioperative antibiotic use indicated that adherence to individual measures had no association with infection and adherence to an all-or-none composite measure had only a modest association with infection rates. 36 We were unable to demonstrate an association between guideline-based antibiotic use and outcomes for higher-risk patients; however, 82.7% of high-risk patients received guidelinebased antibiotics and 50.8% received treatment with vancomycin. Although patients who received vancomycin and GCSF may have had more severe underlying disease, we noted that both interventions were associatedwith increased cost, but neither was associated with improved outcome in any of the subsets of patients we analyzed. However, without these interventions, it is always possible that these patients may have done worse. While our study benefits from the inclusion of a large cohort of cancer patients with FN, we recognize several important limitations. Current ICD-9 coding lacks a specific code for FN. Prior studies have used a variety of classification schema, including selecting patients with neutropenia, or fever, or infection, or various combinations. Although these selection criteria demonstrated good validity, a priori we chose a restrictive definition to include only cancer patients specifically admitted with a primary diagnosis of FN. Although this may have limited our sample, we believe it allowed us to accurately capture those patients whose primary diagnosis was FN and to measure initial decision making. [1] [2] [3] 26 Likewise, using administrative data, it is difficult to use previously developed risk stratification schema for FN. We analyzed a series of factors that predicted poor outcome (death) that were reliably identifiable from administrative data and that have been used as components in other risk stratification schema and used the presence of these factors as a surrogate for high-risk FN. Using administrative data, we were unable to capture several confounding factors, most notably the tumor characteristics and absolute neutrophil count, which influence both prognosis and treatment. [5] [6] [7] Because these factors were most likely to influ-ence use of vancomycin and GCSF, we performed sensitivity analyses and noted that even among the lowestrisk patients (younger, with little comorbidity, and short lengths of hospital stay), use of vancomycin and GCSF was substantial. As with any study of administrative data, we can report associations but defining causality requires further randomized controlled trials. Finally, while we examined a large sample of hospitals from across the United States, patterns of care may differ at other facilities.
The variability in practice patterns for FN suggests that initiatives to improve outcomes and reduce medical expenditures are urgently needed. For many inpatient conditions, formalized order-writing protocols have led to improved outcomes. 37, 38 The American College of Chest Physicians guidelines for the prevention of venous thromboembolic disease specifically call on hospitals to establish formalized guidelines to guide physicians. 39 Similarly, computerized alerts to guide best practice have been shown to increase use of evidence-based treatments in some settings. 40 There has also been an increase in public reporting and pay-for-performance initiatives to improve quality. 41 The American Society of Clinical Oncology Quality Oncology Practice Initiative has gained increased interest and includes some measures of symptom and toxicity measurements. 42 These initiatives provide further opportunities to promote more effective and less costly care for cancer patients with FN. 
